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Introduction
Since the last three decades many drug molecules formulated as Gastroretentive Drug Delivery System (GRDDS) have been patented keeping in view its commercial success. 1 Oral controlled release (CR) dosage forms (DF) have been extensively used to improve therapy of many important medications. 2 The bioavailability of drugs with an absorption window in the upper small intestine is generally limited with conventional pharmaceutical dosage forms. The residence time of such systems and, thus, of their drug release into the stomach and upper intestine is often short. To overcome this restriction and to increase the bioavailability of these drugs, controlled drug delivery systems, with a prolonged residence time in the stomach, can be used. 3 Incorporation of the drug into a CR-delivery system, which releases its payload in the stomach over a prolonged time period, can lead to significant therapeutic advantages owing to various pharmacokinetic (PK) and pharmacodynamic aspects.
Gastroretentive dosage forms (GRDFs) are designed to be retained in the stomach for a prolonged time and release their active ingredients and thereby enable sustained and prolonged input of the drug to the upper part of the gastrointestinal (GI) tract. This technology has generated enormous attention over the last few decades owing to its potential application to improve the oral delivery of some important drugs for which prolonged retention in the upper GI tract can greatly improve their oral bioavailability and/or their therapeutic outcome 2 .
The challenge to develop efficient gastroretentive dosage forms began near about 20 years ago, following the discovery of Helicobacter pylori by Warren and Marshall. 4 Many attempts have been made to devise an extended release GRDDS where the dosage form is small enough to ingest and then retained in the GI area for a long enough time for the active agent to be dissolved and eventually absorbed. For example, many swelling and expanding systems have been attempted. There are dosage forms that swell and change their size thereby floating to the surface. 5 It is also reported that oral treatment of gastric disorders with an H 2 -receptor antagonist like ranitidine or famotidine, used in combination with antacids, promotes local delivery of these drugs to the receptor of the parietal cell wall. Local delivery also increases the stomach wall receptor site bioavailability and increases the efficacy of drugs to reduce acid secretion. 6 
Suitable Drug Candidates for Gastroretention
Various drugs have their greatest therapeutic effect when released in the stomach, particularly when the release is prolonged in a continuous, controlled manner. Drugs delivered in this manner have a lower level of side effects and provide their therapeutic effects without the need for repeated dosages or with a low dosage frequency. Sustained release in the stomach is also useful for therapeutic agents that the stomach does not readily absorb, since sustained release prolongs the contact time of the agent in the stomach or in the upper part of the small intestine, which is where absorption occurs and contact time is limited. Under normal or average conditions, for example, material passes through the small intestine in as little as 1-3 hours. 5 In general, appropriate candidates for CR-GRDF are molecules that have poor colonic absorption but are characterized by better absorption properties at the upper parts of the GIT:
• Narrow absorption window in GI tract, e.g., riboflavin and levodopa • Primarily absorbed from stomach and upper part of GIT, e.g., calcium supplements, chlordiazepoxide and cinnarazine.
• Drugs that act locally in the stomach, e.g., antacids and misoprostol.
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• Drugs that degrade in the colon, e.g., ranitidine HCl and metronidazole.
• Drugs that disturb normal colonic bacteria, e.g., amoxicillin trihydrate.
Types of Gastroretentive Dosage Forms

A. Expandable systems
Expandable gastroretentive dosage forms (GRDFs) have been designed over the past 3 decades. They were originally created for possible veterinary use but later the design was modified for enhanced drug therapy in humans. These GRDFs are easily swallowed and reach a significantly larger size in the stomach due to swelling or unfolding processes that prolong their gastric retention (GRT). After drug release, their dimensions are minimized with subsequent evacuation from the stomach. Gastroretentivity is enhanced by the combination of substantial dimensions with high rigidity of the dosage form to withstand the peristalsis and mechanical contractility of the stomach. Positive results were obtained in preclinical and clinical studies evaluating the GRT of expandable GRDFs. Narrow absorption window drugs compounded in such systems have improved in vivo absorption properties. Patented literature on this mechanism of GRDDS has been outlined in Table 1 .
B. Bio/Mucoadhesive systems
Bioadhesive drug delivery systems (BDDS) are used as a delivery device within the lumen to enhance drug absorption in a sitespecific manner. This approach involves the use of bioadhesive polymers, which can adhere to the epithelial surface in the stomach. Gastric mucoadhesion does not tend to be strong enough to impart to dosage forms the ability to resist the strong propulsion forces of the stomach wall. The continuous production of mucous by the gastric mucosa to replace the mucous that is lost through peristaltic contractions and the dilution of the stomach content also seem to limit the potential of mucoadhesion as a gastroretentive force. Some of the most promising excipients that have been used commonly in these systems include polycarbophil, carbopol, lectins, chitosan and gliadin, etc. Patented literature on this mechanism of GRDDS has been outlined in Table 2 .
C. Floating drug delivery systems
Floating drug delivery systems (FDDS) have bulk density less than gastric fluids and so remain buoyant in the stomach without affecting gastric emptying rate for a prolonged period of time. While the system is floating on the gastric contents, the drug is released slowly at the desired rate from the system, after release of drug; the residual system is emptied from the stomach. This results in an increased GRT and a better control of the fluctuations in plasma drug concentration. FDDS can be divided into non-effervescent and gas-generating system.
(a) Non-effervescent systems This type of system, after swallowing, swells unrestrained via imbibition of gastric fluid to an extent that it prevents their exit from the stomach. One of the formulation methods of such dosage forms involves the mixing of the drug with a gel, which swells in contact with gastric fluid after oral administration and maintains a relative integrity of shape and a bulk density of less than one within the outer gelatinous barrier. The air trapped by the swollen polymer confers buoyancy to these dosage forms. Excipients used most commonly in these systems include hydroxypropyl methyl cellulose (HPMC), polyacrylate polymers, polyvinyl acetate, Carbopol, agar, sodium alginate, calcium chloride, polyethylene oxide and polycarbonates. This system can be further divided into four sub-types:
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(i) Colloidal gel barrier system
Sheth and Tossounian first designated this 'hydrodynamically balanced system'. Such a system contains drug with gel-forming hydrocolloids meant to remain buoyant on the stomach content. This prolongs GRT and maximizes the amount of drug that reaches its absorbtion sites in the solution form for ready absorption. This system incorporates a high level of one or more gel-forming highly soluble cellulose type hydrocolloid, e.g., hydroxypropyl cellulose, hydoxyethyl cellulose, hydroxypropyl methyl cellulose (HPMC), polysacharides and matrix-forming polymer such as polycarbophil, polyacrylate and polystyrene. On coming in contact with gastric fluid, the hydrocolloid in the system hydrates and forms a colloid gel barrier around its surface.
(ii) Microporous compartment system
This technology is based on the encapsulation of a drug reservoir inside a microporous compartment with pores along its top and bottom walls. The peripheral walls of the drug reservoir compartment are completely sealed to prevent any direct contact of gastric surface with the undissolved drug. In the stomach, the floatation chamber containing entrapped air causes the delivery system to float over the gastric content. Gastric fluid enters through the aperture, dissolves the drug and carries the dissolved drug for continuous transport across the intestine for absorption.
(iii) Alginate beads
Multi-unit floating dosage forms have been developed from freeze-dried calcium alginate. Spherical beads of approximately 2.5 mm in diameter can be prepared by dropping sodium alginate solution into aqueous solution of calcium chloride, causing the precipitation of calcium alginate. The beads are then separated, snap-frozen in liquid nitrogen, and freeze-dried at -40 ºC for 24 hours, leading to the formation of a porous system, which can maintain a floating force for over 12 hours. These floating beads gave a prolonged residence time of more than 5.5 hours.
(iv) Hollow microspheres / Microballons
Hollow microspheres loaded with drug in their outer polymer shelf were prepared by a novel emulsion solvent diffusion method. The ethanol/dichloromethane solution of the drug and an enteric acrylic polymer was poured into an agitated solution of Poly Vinyl Alcohol (PVA) that was thermally controlled at 40ºC. The gas phase is generated in the dispersed polymer droplet by the evaporation of dichloromethane formed and internal cavity in the microsphere of the polymer with drug. The microballoon floated continuously over the surface of an acidic dissolution media containing surfactant for more than 12 hours.
(b) Gas-generating (Effervescent) systems These buoyant systems utilize matrices prepared with swellable polymers such as methocel, polysaccharides (e.g., chitosan), effervescent components (e.g., sodium bicarbonate, citric acid or tartaric acid). The system is so prepared that upon arrival in the stomach; carbon dioxide is released, causing the formulation to float in the stomach. Other approaches and materials that have been reported are a mixture of sodium alginate and sodium bicarbonate, multiple unit floating pills that generate carbon dioxide when ingested, floating minicapsules with a core of sodium bicarbonate, lactose and polyvinylpyrrolidone coated with hydroxypropyl methylcellulose (HPMC), and floating systems based on ion exchange resin technology, etc. 7 Patented literature on this mechanism of GRDDS has been outlined in Table 3 . These systems combine floating, mucoadhesion and swelling mechanism for gastric retention of dosage forms. A preferred formulation comprises a mixture of a high or medium viscosity (HPMC) and a high or medium viscosity (HEC). The formulations optionally may comprise a low viscosity HPMC. It also includes a salt being capable of releasing gaseous carbon dioxide alkaline metal carbonates can be used, an acid may be added, such as citric acid and maleic acid. 8 Patented literature on this mechanism of GRDDS has been outlined in Table 4 .
Conclusion
It is evident from the patents that there are many means to achieve retention of the dosage form in the gastro intestinal tract and a systematic study of the available patents will help in development of newer non patent infringing GRDDS, as the first step in design and development of any new dosage form is the systematic study of prior art i.e previous available patents, to prevent others from making, using, or selling the invention. based GRDA and its retention in the stomach (compared to a control tablet), and to verify that the GRDA does not interfere with normal food evacuation. Radioactively-labeled GRDA was followed in the stomach and through the GI tract of healthy subject, using a similarly labeled non-disintegrating tablet as a control.
18.
A For each tablet, a buoyancy lag time was determined, tablets floated for the remainder of the test, until dissolution was complete.
The matrix erosion and dissolution was measured by removing individual tablets from the dissolution medium dryed at 60 0 C, under vacuum, the weight loss corresponding to the amount of drug dissolved and fraction eroded was calculated.
19.
The Gastroretentive dosage form of a capsule containing the dried gel (film) with drug such as Hydrochlorothiazide, ranitidine hydrochloride, or amoxicillin & enzymes to facilitate gastric erosion of the gel. 26 Combination of Xanthan gum and locust bean gum, Expansion agent is sodium lauryl sulfate. Viscosity adjuster is carbopol and polyvinyl pyrrolidone. Plasticizer used in films is polyethylene glycol.
Disolution study was done in USP XXII apparatus (paddle method) at 37°C at 75 rpm for 20 hours, medium consisted of 900 ml simulated gastric fluid (without enzymes). An Invivo study was done in dogs to determine gastric residence time, containing radio-opaque threads to visualize the GRDS in the GI tract by x-rays. They also helped in viewing the hydration and disintegration of the gels. Dissolution study: In the course of 7 hours the tablets released 90% of the active compound linearly in 900 ml of 0.1 N HCl at 37 0 C, with continuous stirring (75 RPM). Determination of the swelling behaviour: The tablets were incubated in 0.1 N HCl at a temperature of 37 0 C. The tablets were removed from the incubation medium at specific times, the adhering liquid was removed and the weight of the swollen tablets was determined. The degree of swelling (Qt) at the time t was defined as the quotient of the weight of the tablets at the time t (Wt) and the dry weight of the tablet (Wo). were X-rayed at each time point to track the transit of macrospheres. 
